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Abstract
Background
Hypertension is the leading driver of cardiovascular disease deaths in Africa. Its prevalence
is highest in older populations. Yet, this group has received little attention in many African
countries. We conducted a systematic review and meta-analysis (PROSPERO registration:
CRD42017056474) to estimate the prevalence of hypertension in older adults living in
Africa.
Methods
We searched grey literature and major electronic databases including PubMed and Embase
for population-based studies and published between 1 January 1980 to 28 May 2018 report-
ing the prevalence of hypertension for adults aged�50 years living in Africa. We employed
a random effects model to estimate the pooled prevalence across included studies.
Findings
We screened 10,719 articles and retrieved 103 full-text articles to evaluate for inclusion in
the review. Thirty-four unique studies providing 37 data points on 43,025 individuals in 15
African countries were analyzed. The prevalence of hypertension ranged from 22.3% to
90.0% from the individual studies while the overall pooled prevalence was 57.0% (95% CI
52%-61%). The prevalence was not statistically significantly different by sex, residence, or
African sub-region. In individual studies, older age and overweight/obesity were indepen-
dently associated with hypertension. Twenty-nine (78%) data points were deemed to be
of low- or moderate-risk of bias. Eliminating high-risk bias studies made little difference to
the pooled estimate of hypertension. Sensitivity analyses, omitting one study at a time, iden-
tified three studies with significant but relatively small impact on the pooled estimate. We
observed substantial heterogeneity (I2 = 98.9%) across the studies which was further
explored by meta-regression analyses. Overall, the GRADE assessment suggested moder-
ate quality evidence in the results.
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Conclusion
The persistent high prevalence of hypertension among older adults in Africa, even in rural
populations warrants more attention to the cardiovascular health of this group by public
health authorities.
Introduction
High systolic blood pressure is the leading risk for deaths in Africa. It resulted in nearly
900,000 deaths (10% of the total deaths on the continent) in 2016 and has increased by 82%
since 1990 [1]. It is also responsible for more than half of first time acute stroke in Africa [2]. It
is also a potentially modifiable risk factor for dementia, a disease of concern in Africa where
ageing, stroke and other cardiovascular diseases are rising [3, 4]. A number of systematic anal-
yses of hypertension in adults and in adolescents in Africa have recently been conducted [5–
9]. The estimated pooled prevalence of hypertension is about 30.8% in Africa [5] and 30.0%-
31.1% in Sub-Saharan Africa [6, 10]. Hypertension is now a significant problem in groups pre-
viously thought to be at low risk such as rural populations, poor households and young people
[11–13]. It is a common cause of medical admissions in African hospitals [14]. With the ageing
population and the rising urbanization and the attendant stress, westernized diet and low
physical activity, high blood pressure will likely continue to rise [5, 15].
Hypertension increases steadily with increasing age. Its prevalence in the older adults in
Africa is about two to four times that in younger adults [5, 10, 16]. Based on the Framingham
study, it is estimated that about 90% of surviving normotensive persons aged 55 years will
develop hypertension in their lifetime [17]. There is insufficient information on the cardiovas-
cular health of older adults; a situation that partly contributes to the low attention paid to this
group [18]. Only one systematic review of studies in older people with hypertension in Africa
has been reported to date [19]. However, it did not review studies exclusively undertaken in
older adults. Instead, it reviewed studies which sampled other age groups besides those aged 55
years and older. It analyzed 39 studies using the WHO STEPwise approach to surveillance [20]
and 52 non-STEPS studies providing a total of 156 separate data contributions. The pooled
prevalence was 55.2% [95% confidence interval (CI) 53.1–57.4] with little variation between
younger and older age groups or over time. It is against this background that we undertook a
systematic review and meta-analysis with the aim of estimating the prevalence of hypertension
in adults aged 50 years or older in Africa and its distribution by demographic factors and over
time. Our findings could inform the development of targeted policies aimed at improving car-
diovascular health outcomes among this group.
The terms “elderly”, “aged” and “older persons”, are sometimes used interchangeably in the
literature [21]. In most developed countries, presumably because of their higher life-expec-
tancy, the cut-off age 65 years is used to define older adults. The United Nations convention-
ally uses 60 years as the threshold for older adults [22]. However, the 60 and 65 year-
thresholds have been criticized as arbitrary and irrelevant for the African setting, where a
World Health Organization (WHO)-project considers 50 years to be more appropriate for
social and functional reasons [23]. Subsequently, several surveys in Africa have used 50 years
and older to define older adults [16, 24, 25].
Methods
The protocol for the systematic review, registered in PROSPERO under CRD42017056474 has
been published elsewhere [26].
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Exclusion and inclusion criteria
Cross-sectional or follow-up studies published between 1 January 1980 and 28 May 2018
which reported a prevalence or incidence of hypertension in adults aged 50 years or above liv-
ing in Africa were included. Original articles, conference proceedings or abstracts reporting
the outcome of interest were also eligible for inclusion.
Hypertension was defined using the blood pressure 140/90 mmHg cut off or those taking
anti-hypertensive treatment regardless of their blood pressure on measurement [27]. Where
the definition was not explicitly provided and contact with the study authors to furnish this
information had been unfruitful, we assumed that such studies, if published in or after 2010,
had defined hypertension based on the 140/90 mmHg cut-off in conformity with the 7th Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure’s report of 2003 [27].
Articles were excluded if the older adults were pregnant, recruited from hospital patients or
institutions for chronic or mental illness, or other restricted settings. They were also excluded
when the subjects were African migrants, lived outside of Africa or the main outcome was self-
reported hypertension or non-systemic hypertension. Review articles or expert opinion com-
mentaries were excluded.
Search strategy
We searched the major electronic databases, PubMed and Embase (via Ovid), as well as Aca-
demic Search Complete, CINAHL and PsycINFO (via EBSCOhost). In addition, we searched
the African Journals Online repository and Google Scholar. The bibliography of the included
studies was hand-search to identify additional studies. For grey literature, besides what was
obtained via Ovid and Google Scholar, we searched OpenGrey and ProQuest.
The search terms were based on the population, intervention, comparator, outcome and
settings (PICOS) approach modified to suit studies not involving interventions or comparison
groups [28]. The terms for the intervention concept were “prevalence”, “proportion”, “survey”,
“descriptive”, “cross-sectional”, “cohort”, “longitudinal”, "attributable fraction", and “inci-
dence” (S1 Table). Those for the outcome were “hypertension”, "blood pressure", “cardiovas-
cular” and “cardiometabolic”. Those for the settings were “Africa” and the names of 58 African
countries and islands. Within each concept, the terms were linked with the “OR” operator”
while the results combined across the concepts with the “AND” operator. We limited the
search results to human studies conducted in the middle-aged (45 to 64 years)" or the "aged
(65 and over)". Where, this was not possible, we used the terms "older adults", “elderly”, “mid-
dle-aged”, “geriatric”, “the aged”, and “senior”.
The search results from the different databases were managed using the Covidence software
[29]. This programme automatically identified and removed duplicate papers. Then, the titles
and abstracts were screened guided by the inclusion and exclusion criteria. The screening was
facilitated by the use of key words such as “patients”, “African Americans” and “pregnant”
which quickly enabled non-eligible studies to be reviewed and excluded. The full-text of poten-
tially analyzable studies were retrieved and evaluated independently by two authors (WKB,
JMKA). Discrepancies were resolved by consensus between the two reviewers, without recourse
to an arbitrator. The Covidence software automatically generated the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) flow chart of selected studies [28].
Where multiple publications existed on the same sample of subjects, we counted all such
studies as one unique study. With these multiple papers, it was quite easy to identify the paper
that most adequately provided the data for this review. Where necessary, complementary data
were obtained from the additional reports. If hypertension was estimated in the same cohort at
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different time points, then these were reckoned as separate studies. Similarly, where a study
covered more than one African country, then it was counted as one study that had provided
multiple data points (reflecting the number of countries). There was no restriction on language
of publication. Study authors were contacted to clarify or provide additional information on
participants’ age, definition of hypertension employed or on the prevalence in specific groups
as necessary.
Data extraction
Data were extracted onto a preformatted previously piloted form in Excel. They included the
study’s primary author, year of publication, setting, socio-demographics, objective, study
design, study population, sampling procedure and size, participation rate, anthropometry, die-
tary and behavioural lifestyles, method of BP measurement, and the prevalence of hyperten-
sion and its grades where available [26]. The presence of co-morbidities such as diabetes or
chronic kidney disease was recorded. Body mass index (BMI) cut off points of<18.5 kg/m2
defined underweight, 18.5–24.9 kg/m2 was normal weight, 25.0–29.9 kg/m2 was overweight
and�30.0 kg/m2 was obese [20].
Evaluation of study quality
The quality of the included studies was evaluated by two authors (WKB, JMKA) using the Hoy
et al [30] tool which has been specifically validated for cross-sectional studies. The tool assesses
external validity based on factors such as the representativeness of the sample, participation
rate, and sampling methods. The internal validity is based on factors such as direct data collec-
tion from subjects or from proxy, suitability of case definition, reliability of study instrument,
application of same measurement methods for all subjects and appropriateness of exposure
period for the development or presence of hypertension in the subjects. In line with best prac-
tice, we avoided scoring the criteria [31] and instead, classified each study’s risk of bias as low,
moderate and high based on an overall judgement on our confidence in the prevalence esti-
mate after applying the criteria [30].
GRADE assessment of the overall quality of evidence
The overall confidence in the estimates from the meta-analysis was assessed using the Grading
of Recommendations Assessment, Development and Evaluation (GRADE), adapting the prin-
ciples for rating systematic review of prognostic studies [32]. The overall level of evidence was
rated as “high” where there is a high level of confidence that the pooled estimate lies close to
the true population estimate or as “very low” where the confidence was very low. The rating
categories in between were “moderate” and “low”. Unlike systematic reviews for treatment
studies, the initial level of confidence in the estimates from longitudinal prognostic studies is
rated as high [32]. Our initial level of confidence in the estimates from the prevalence studies
was rated as moderate.
The five domains GRADE—risk of bias, imprecision, inconsistency, indirectness, and pub-
lication bias were considered in downgrading confidence in the overall estimate while the cri-
teria of large effect, dose response gradient, and direction of plausible confounding were
considered in upgrading the confidence in the estimates.
Data analysis
The overall pooled prevalence across studies was estimated using a random effects model
which involved first stabilizing the variances of the prevalence estimates through Freeman-
Meta-analysis of hypertension in older adults in Africa
PLOS ONE | https://doi.org/10.1371/journal.pone.0214934 April 5, 2019 4 / 25
Tukey arcsine transformation [33]. Heterogeneity between the included studies was assessed
with the chi-squared test on Cochran’s Q (alpha set at 0.1) statistic [34] and the Higgins and
Thompson’s I2 statistic [35]. Separate sub-group analyses were performed based on sex, age
group, urban-rural residence, sub-region, study design and year of publication grouped in
5-year periods. To further explore heterogeneity, we performed a post-hoc random-effects
meta-regression analysis using the residual restricted maximum likelihood method [36]. We
included five continuous covariates (study year, publication year sample size enrolled, percent-
age of obesity and percentage with no education in the total sample) and one categorical vari-
able (automated versus manual type blood pressure monitor) individually in the model. In the
combined model, we included four covariates which enabled a yield of ten or more observa-
tions for analysis.
We assessed the effect of excluding studies deemed to be at high risk of bias on the pooled
estimate. We performed an influence analysis by computing the summary estimate of the prev-
alence of hypertension after removing one included study at a time. Forest plots provided a
visual image of the point and 95% interval prevalence estimate as well as the summary esti-
mate. Statistical analyses were performed in Stata version 14 [37].
The presence of reporting bias was determined through funnel plot asymmetry, Duval and
Tweedie’s trim and fill technique [38] and Egger’s test [39]. Statistical significance was fixed at
p value <0.05. The reporting of this review conforms to the PRISMA 2009 guidelines (S2
Table).
Results
Study flow and characteristics
The literature search including the hand-search yielded 10,719 articles, out of which 1,944
duplicate studies were excluded (Fig 1). Following the title and abstract review, 103 full-text
articles were retrieved and evaluated for inclusion. Forty of these full-text articles were
excluded for various reasons such as using self-reported estimate of hypertension or not esti-
mating the prevalence of hypertension at all (Fig 1, S3 Table). Of the remaining 63 eligible full
text articles, 34 unique studies published from 2005 to 2018 were retained for analysis, after
taking into account, multiple studies on the same study subjects (S4 Table). These studies,
three of which covered multiple countries or cohorts, provided a total of 37 data contributions
(Table 1). Four (11.7%) studies were published in 2005–2009, 18 (52.9%) in 2010–2014 and 12
(35.3%) in 2015–2018 (Table 1). The earliest reported start year of the data collection was
October 2000 [40] while the latest reported end date was 2016 [65]. The duration of data col-
lection ranged from 2.5 months [69] to 24 months [58].
Two sets of studies covered two different countries (Central African Republic and Congo)
were analyzed separately for each country [48, 68]. One longitudinal study in Nigeria covering
two different time periods, six years apart, provided two data points [64]. Multiple publications
reporting the prevalence of hypertension on the same study sample was observed in 19
(51.4%) studies. The most prolific involved nine papers published from the Study on global
AGEing and adult health (SAGE) in South Africa in which the dataset was publicly available
(S4 Table) [67].
The included studies were all original articles except for one dissertation [65]. Thirty-one
data contributions (83.8%) were cross-sectional in design and six were follow-up studies.
Eleven (29.7%) involved demographic surveillance sites or a population cohort. In half of the
34 studies, hypertension was part of the main objective of the study.
Thirty-one (91.2%) studies were published in English and three (8.8%) in French. Only five
(13.5%) data contributions were from national studies (Table 1). The included data
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contributions were conducted in 15 countries—eight in Nigeria, five in Tanzania, four studies
in Ghana, three in Uganda, two each in Central African Republic (CAR), Congo, Kenya, Sene-
gal, South Africa and
Tunisia and one each in Algeria, Burkina Faso, Cameroon, Egypt and Seychelles. Thus,
there were two (5.4%) data contributions from southern Africa, four (10.8%) from northern
Fig 1. PRISMA flow diagram showing study selection.
https://doi.org/10.1371/journal.pone.0214934.g001
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Africa, five (13.5%) from central Africa, 11 (29.7%) from eastern Africa and 15 (40.5%) from
western Africa. Nine (24.3%) data contributions covered rural populations, eight (21.6%) cov-
ered urban populations while the remaining 20 (54.1%) covered mixed populations.
A total of 43,025 subjects and a median of 598 subjects were enrolled across the data contri-
butions (Table 1). In the individual studies, the total sample size ranged from 46 to 4,724 par-
ticipants. The lowest number of participants were observed in studies from the eastern Africa,
in urban populations or conducted in the 2005–2009 period. Their ages ranged from 50 to 110
years [72]. The sex distribution of participants was provided by 32 studies which reported a
median of 254 males and 391 females. In these studies, females constituted 54.2% of the total
number of enrolled subjects. Of the total enrolled subjects, 95.6% (range 12.5% - 100%) had
their blood pressures measured.
In 23 studies reporting educational attainment of the enrolled participants, the proportion
who did not have any formal education ranged from 12.1% [62] to 93.8% [41]. In thirteen of
these studies, more than half of participants did not have any education. Study participants
were also widely diverse in their body build. In the 13 studies that reported this information,
the proportion who were overweight or obese (body mass index� 25 kg/m2) ranged from
0.8% [55] to 80.0% [49].
Two studies [45, 52], both published in 2013, did not explicitly provide the blood pressure
cut-offs used to define hypertension. Contacts with the study authors failed to elicit this infor-
mation. They were both deemed to have used the 140/90mmHg cut-off in line with the JNC 7.
Blood pressure measurement
Of the 34 included studies, five [42, 44–46, 56] did not provide information on how blood
pressure was measured. Studies that did, only provided scant information which showed dif-
ferences in the protocol in terms of the number of visits at which blood pressure was mea-
sured, frequency of measurements per visit, the readings used in the analysis, the posture of
the subject and the part of the body on which measurements were taken (Table 2).
For most studies, the initial rest period before measurements were taken ranged from 5
minutes to at least 30 minutes. All but one study measured the blood pressure at a single visit.
The one study using multiple visits measured blood pressure for all subjects daily for three
days along with interviews about food frequency [65]. The frequency of measurements at a
visit ranged from one to four. Of the 23 studies reporting which blood pressure measurements
were used in the analysis, 11 (47.8%) reported using the mean of the last two of three readings
while one used the median of three readings. Five studies reported analysing the mean of the
two recorded blood pressures.
Except for three studies which measured the blood pressure in the supine position, all the
studies had their subjects seated upright. Blood pressures were mostly taken on the arm but
were taken on the wrist in two studies [59, 71] or on either the either the arm or wrist in one
study [67]. Majority of studies measured the blood pressure on right arm although three stud-
ies measured it on either arm [55] or on both arms [48, 68]. Electronic automated blood pres-
sure monitors were mostly used although a few studies used the standard mercury
sphygmomanometer. Those taking the blood pressure measurements also varied from well-
trained professional doctors to non-medical workers.
Prevalence of hypertension
The prevalence of hypertension ranged from 22.3% in community-based elderly residents in
the Yoruba-speaking areas of Nigeria [56] to 90.0% among elderly residents in Umlazi town-
ship in South Africa [60, 74]. A combined total of 23,508 (57.2%) participants across the
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studies who had their blood pressure measured or who were on anti-hypertensive medication
were reported to have hypertension. The overall pooled estimate across 37 data points from
the random effects model was 57.0% (95% CI 52%-61%; Fig 2). It was not statistically signifi-
cantly different between cross-sectional studies [56.0% (95% CI 51.0%-61.0%)] and follow-up
studies [59.0% (51.0%-67.0%)].
The pooled prevalence of hypertension of 78.0% (95% CI 77.0%-80.0%) in southern Africa
was much higher than that in the other sub-regions of Africa where it ranged from 53% to 58%
(Fig 2). The differences in the pooled prevalence of hypertension in the sub-regions other than
southern Africa were not statistically significant. In terms of geolocality, the pooled prevalence
of hypertension in urban residents was slightly higher than in rural populations but the differ-
ence was not statistically significant [57.0% (95% CI 52.0%-61.0%) versus 56.0% (95% 41.0%-
70.0%); Fig 3]. Five of the nine studies in rural populations involved subjects aged 70 years and
older. In the studies involving residents from both rural and urban areas, the pooled preva-
lence was 53.0% (95% CI 48.0%-59.0%).
The overall pooled estimate from 13 studies reporting sex-specific prevalence of hyperten-
sion was 55.0% (95% CI 46.0%-63.0%) among males and 56.0% (95% CI 45.0%-67.0%) among
females (Figs 4 and 5). In eight studies, the prevalence of hypertension was higher in females
than in males [43, 49, 50, 57, 61, 67, 70, 71] while in the other five, it was higher in males
(Table 1) [52, 55, 59, 65, 72].
The prevalence of hypertension increased with age. Twenty-six data contributions reported
the age distribution of the older subjects (S1 Fig). In 14 of them, less than half of the subjects
Fig 2. Prevalence estimates of hypertension by African sub-region.
https://doi.org/10.1371/journal.pone.0214934.g002
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Fig 3. Prevalence estimates of hypertension by residence.
https://doi.org/10.1371/journal.pone.0214934.g003
Fig 4. Prevalence estimates of hypertension in male subjects.
https://doi.org/10.1371/journal.pone.0214934.g004
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were aged 70 years and older. In the other twelve, this age group constituted at least half of the
sample. The pooled prevalence of hypertension of the younger sample from the random effects
model was 53.0% (95% CI 45.0%-61.0%) while that of the older sample as 61.0% (95% CI
54.0%-68.0%). In the third category in which the age distribution with respect to those aged 70
years and older was unknown, the summary prevalence was 57.0% (95% CI 52.0%-61.0%).
In the few individual studies reporting age-specific prevalence of hypertension, the preva-
lence was 3.5 to 13.5 percentage points higher in the oldest age group than in the youngest age
group [43, 65, 68, 75]. The increase in the prevalence of hypertension with age was rarely
monotonic [65] and tended to peak in the middle or penultimate age group [49, 68, 72, 75]. In
all the studies in which the relationship between age and hypertension was investigated
through multivariate analysis, older age group was independently associated with hypertension
[43, 57, 68, 76, 77].
The prevalence of hypertension increased by the year group of publication, but the differ-
ences were not statistically significant. In the four data contributions published in 2005–2009,
the prevalence ranged from 24.0% to 70.0% with a pooled estimate of 51.0% (95% CI 30.0%-
71.0%). The overall pooled estimate for the 20 data points from studies published in 2010–
2014 was 54.0% (95% CI 47.0%-61.0%) while that for the 13 data points from studies published
in 2015–2019 was 62.0% (95% CI 55.0%-69.0%). However, the difference became statistically
significantly when the studies were dichotomized into those published before the median pub-
lication year, 2013 (47.0%, 95% CI 40.0%-55.0%) versus those published at or after the median
year (63.0%, 95% CI 57.0%-69.0%). In a cohort of elderly adults in the Ibadan Ageing Study in
Nigeria, the prevalence of hypertension declined slightly from a baseline of 62.1% to 60.9% six
years later [64].
The relationship between body mass index (BMI) and hypertension was reported by 13
studies. In multivariate analyses, older adults who were overweight or obese were up to 3.5
times as likely as those with normal BMI to have hypertension [72, 76, 77]. A dose-response
relationship was observed in several studies [49, 78, 79].
Fig 5. Prevalence estimates of hypertension in female subjects.
https://doi.org/10.1371/journal.pone.0214934.g005
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Evaluation of bias and sensitivity analysis
Using the Hoy tool [30], we determined that eight studies had a high risk of biased estimate
[44, 46, 51, 52, 54, 62, 65, 66] and nine studies [40, 47, 53, 56, 57, 61, 67, 69, 70] had a moder-
ate-risk of bias while the remaining 17 studies had low risk of bias (S5 Table). The pooled prev-
alence of hypertension did not differ by the study’s evaluated risk of bias (S2 Fig). The
prevalence of hypertension in high and low risk biased studies was 50.0% (95% CI 42.0%-
59.0%) and 56.0% (95% CI 50.0%-62.0%) respectively. Excluding the studies with high risk of
bias did not have any significant impact of the pooled prevalence of hypertension.
In the influence analysis, the removal of a high prevalence (77.4%, 95% CI 76.0%-78.7%)
study [67] resulted in a significant reduction in the pooled estimate from 57.0% (95% CI 52%-
61%) to 55.9% (95% CI 55.4%-56.4%) (S3 Fig). Conversely, the omission of two studies, one at
a time, with respective low prevalence of 24.1% (95% CI 21.4%-27.0%) [55] and 47.8% (95% CI
46.3%-49.3%) [62] resulted in a significant increase of the overall pooled prevalence to 59.3%
(95% CI 58.9%-59.8%) and 59.5% (95% CI 59.0%-60.0%). Thus, while the removal of these
three studies, in turn, resulted in a significant change in the summary estimate, the magnitude
of the change was small—within 2.5 percentage points of the original summary estimate.
Sources of heterogeneity
The I2 statistic measures the proportion of the total variability explained by heterogeneity
while the Cochran’s Q statistic tests whether all studies are evaluating the same effect. There
was substantial heterogeneity across the included studies as indicated by the I2 statistic of
98.9% and the heterogeneity chi-square test (p<0.0001). The sub-group analysis based on sex,
study design, type of residence or sub-region failed to reveal any source for the heterogeneity.
The chi-squared statistical tests for subgroup differences consistently yielded p values <0.001.
In the univariate meta-regressions, the percentage of obesity in the total sample was the
only statistically significant covariate, explaining 23.2% of the between-study heterogeneity in
the prevalence of hypertension (S6 Table). The study year, publication year, sample size, per-
centage with no education and the type of blood pressure device did not explain any of the het-
erogeneity. However, in the combined model, the study year, publication year and the
percentage obesity explained more of the heterogeneity (I2 = 87.5%, tau2 = 0.008 and adjusted
R2 = 50.0%). The prevalence of hypertension increased with increasing year of publication and
percentage obesity.
Reporting bias
The presence of reporting bias was assessed by visually inspecting funnel plots for asymmetry.
There was no evidence of asymmetry across all studies or by subgroups (S4 Fig). The Egger
test failed to provide evidence for small-study effects on the prevalence (p value for
bias = 0.711). Consistent with the Egger test, the ‘Duval and Tweedie’s trim and fill technique,
which adjusts the pooled effect estimates to account for funnel plot asymmetry did not show
evidence of reporting bias. The estimated prevalence from the random effects model between
the observed and the adjusted values from filled model were the same (56.0%, 95% CI 51.4%-
60.7%).
GRADE assessment of quality of evidence
The data provided moderate quality evidence of the overall pooled prevalence although the
study designs of the included studies were observational and so precluded blinding or random-
ization to reduce bias. We did not find any statistically significant differences in the pooled
Meta-analysis of hypertension in older adults in Africa
PLOS ONE | https://doi.org/10.1371/journal.pone.0214934 April 5, 2019 16 / 25
estimate by the level of bias in the studies. The influence analysis identified three studies with
significant but small effect on the pooled estimate.
The evidence is however rated as very low on consistency due to the considerable heteroge-
neity and as moderate on precision due to the narrow confidence intervals engendered by the
large sample size. Many studies recruited representative samples drawn from the general popu-
lation and so we are moderately confident about their generalizability or applicability. On the
publication bias domain, we have moderate confidence in the findings as we did not find suffi-
cient evidence of publication bias from the funnel plots or Egger’s test.
Discussion
We estimated that 57% of the adults aged�50 years in Africa had hypertension. This estimate
is similar to the only other published review in which 55.2% of adults aged 55 years and older
had hypertension [19]. In younger adults, the estimated prevalence is 30.0% to 30.8% [5, 6] in
Africa or Sub-Saharan Africa [10].
As with other reviews in Africa, the pooled prevalence in our review was higher in urban
than in rural populations but the difference was not statistically significant [6, 10, 80]. How-
ever, it is generally held that, a significantly greater proportion of urban populations are
affected than rural populations [19]. The prevalence of hypertension in rural Africa appears to
be much higher than previously thought and the urban-rural differences appear to be declining
probably due to nutritional transition [5, 11, 12, 81–83].
Consistent with the recent review in older persons, we did not find statistically significant
differences in the prevalence of hypertension by sub-region or sex [19]. Our findings are con-
sistent with one review that found that the highest prevalence occurred in northern and south-
ern Africa [5] but differ from those of another review that found that the lowest prevalence
occurred in southern Africa [19]. The distribution of hypertension on the African continent
may reflect that of body mass index, one of its major determinants [84–86].
The sex differences in hypertension have been variable. Consistent with our findings, other
regional meta-analyses in Africa did not find significant sex differences [6, 10] while others
reported higher male prevalence [5, 7]. In individual studies in older persons in Africa in
which multivariable analyses were performed, female sex predicted a higher prevalence of
hypertension [41, 43, 76, 77, 87] while in others sex was not independently associated with
hypertension [49, 57, 67].
Very few systematic reviews and meta-analyses in Africa have assessed trends over time in
the prevalence of hypertension. One review estimated an increase in the pooled prevalence
from 19.7% in 1990 to 27.4% in 2000 and to 30.8% in 2010 [5]. Another study estimated an
increase from 16.2% (95% CI 14.2–20.3) in 2008 to 17.4% (95% CI 15.4–22.6%) in 2025 [88].
More recently, the NCD Risk Factor Collaboration estimated that the age-standardized preva-
lence of raised blood pressure decreased globally but remained unchanged at around 34% in
Sub-Saharan Africa in adults aged 18 years and older from 1975 to 2015 [89]. In Seychelles, the
prevalence declined from 45% to 40% after a period of 15 years [90]. In the current review, the
prevalence of hypertension increased by year of publication in the multivariate meta-regres-
sion model but not in the univariate model. More longitudinal studies are needed to better
understand the trends in hypertension in Africa.
As expected, the prevalence of hypertension increased with BMI status in older people even
after adjusting for potential confounders. A study involving institutional older adults in Tuni-
sia also found that hypertension was 80% higher in obese subjects (86.9%) than in subjects
with normal BMI [91]. Obesity is a well-recognized driver of hypertension in Africa with
obese subjects being up to eight times as likely as those non-obese to have hypertension [86,
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92, 93]. In view of the predominant association of overweight/obesity with hypertension and
its increasing trend in Africa, there is an opportunity to explore the role of lifestyle interven-
tions on improving the cardiovascular health of older adults [94, 95].
Overall, our review provided greater accuracy but confirmed most of the findings of the
only other published review [19]. In particular, the pooled prevalence of hypertension was sim-
ilar, and it did not vary significantly by age group, sex or sub-region. This was in spite of the
fact that the target age group differed between the two reviews and there were only nine over-
lapping studies.
Strengths and limitations
Our review adds to the scant knowledge on the prevalence of hypertension in older adults in
Africa. To our knowledge, it is the first to focus on studies conducted exclusively among older
adults aged 50 years and older in Africa. It is comprehensive in scope–covering multiple lan-
guages, study designs and article types. A major strength Is that the review captured studies in
which the estimation of the prevalence was not the main objective of the study. It respects the
PRISMA guidelines. We performed several quality assessments including the evaluation of the
risk of bias in the included studies, performing sensitivity analysis, influence analysis and
GRADE assessment of the meta-analysis.
Our review has some limitations. The major one is the substantial heterogeneity which
undermine the pooling of the prevalence estimates and suggest that chance could be responsi-
ble for the between-study variability. Several other meta-analyses have reported similarly high
levels of heterogeneity (I2 statistic 96%-99.5%) which may be due to the differences in the
study participants, measurement methods and study design [6, 19, 96, 97]. We found that the
participants included in our review differed widely in terms of their age distribution, propor-
tion with no education and proportion who were obese. Moreover, their blood pressures were
measured and captured for analysis using different methods. Sub-group analyses could not
identify the sources of the heterogeneity. However, meta-regression analyses suggested that
the obesity, year of publication and the study year explained some of the heterogeneity. Given
the high heterogeneity, caution needs to be exercised in the interpretation of the findings. The
cross-sectional design of most of the included studies is liable to such biases as selection and
survival bias and explain moderate GRADE quality assessment of the meta-analysis. Future
and on-going longitudinal studies in older adults may reduce some of these biases while allow-
ing the trends in the prevalence of hypertension to be better measured.
It is not possible to impute causality between the explanatory variables and the main out-
come in our review. Information on several variables was incomplete in some studies making
comparison difficult. Given the low level of literacy among this older population, the date of
birth of some participants was not always known and so their age was estimated using promi-
nent historical local or national events [46, 63].
Two of the 34 papers did not explicitly provide information on the blood pressure threshold
used to define hypertension. As the papers had been published recently, we assumed that they
had used the 140/90mmHg cut-off. We do not think that this assumption had any impact on
our findings. Support for our assumption was obtained in a paper published by the authors of
one of the two studies in an adjoining governorate in Egypt in the same year in which their
stated definition of hypertension was consistent with the above cut-off [98]. Moreover, the sen-
sitivity analysis did not show that the findings from these papers had unduly affected the over-
all pooled estimate.
All but one of the included studies involved single visit blood pressure measurements, and
so could overestimate the true prevalence of hypertension. One included study which used
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ambulatory blood pressure monitoring reported a 55.7% prevalence compared with 78.5%
prevalence on the same subjects measured using conventional methods [53].
Conclusions
In conclusion, we have estimated, after a comprehensive and meticulous study selection and
analysis that, nearly three out of five older adults in rural and urban Africa have raised blood
pressure. This review shows that the proportion has gradually increased between 2005 and
2018 and is high in the different sub-regions. Increasing obesity likely explains some of the
increase in the prevalence of hypertension in older adults. Unfortunately, the older age group
receives little priority in national and regional health programmes [99]. Given that, cardiovas-
cular diseases can be prevented or managed in older adults, we call on health authorities to pri-
oritize policies and commission and develop programmes to support the improvement of the
cardiovascular health of older population in Africa while ensuring that younger adults stay
healthy. Our findings suggest that weight reduction should be an important component of
such programmes. These policies and programmes ought to be evaluated to see what works to
promote active ageing. It is imperative that this is addressed within the framework of a life
course approach and a national ageing programme, with support from the African Union,
United Nations, Regional Economic Communities and the civil society. Older adults should
be empowered and supported to organise themselves into active social and functional groups
to serve as advocates and channels for improved health and social service delivery.
There is an urgent need for further research on hypertension in older adults on the conti-
nent. Longitudinal studies which use consistent study methods and blood pressure measure-
ment protocol can fill in some of the data gaps including the trends and determinants of
hypertension.
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